SUMMARY Bovine nasal cartilage discs cocultured with human rheumatoid synovial membrane or synovial-membrane-conditioned media release proteoglycan largely as a result of cartilage breakdown. We assessed the effects of hydrocortisone on proteoglycan distribution between cartilage and culture medium, and on cartilage breakdown expressed as the release of either proteoglycan or 35S-products from prelabelled discs. The presence of synovial membrane inhibited the capacity for net proteoglycan synthesis, preventing its accumulation in cartilage; this was little affected by hydrocortisone. The major response to pharmacological concentrations of hydrocortisone was suppression of both spontaneous and synovial-membrane-induced cartilage breakdown. The autolysis of synovial protein that normally occurred during culture was similarly prevented by comparable doses of corticosteroid. Changes in chromatographic distribution of the 35S-labelled degradation products released from cartilage conformed with a corticosteroid-induced inhibition of endogenous lysosomal or related proteinase activity. Additionally, inhibition of the early events in synovial membrane that are responsible for chondrocyte-mediated breakdown of cartilage may contribute significantly to the overall corticosteroid effect.
The destruction of articular cartilage in human rheumatoid arthritis results from the concerted actions of a number of degradative enzymes found in one or more cellular elements of the diseased joint.' The invasive properties of rheumatoid pannus2 clearly account for much of the breakdown commonly seen. In addition mounting evidence points to a second mechanism independent of direct contact in which the chemically mediated breakdown of cartilage results from an interaction with synovial membrane that requires the participation of living chondrocytes.47
We have previously described a model system that reproduces in organ culture the confrontation of synovial membrane and cartilage occurring in the rheumatoid joint, and we have characterised the quantitative aspects of proteoglycan breakdown6 and its response to antirheumatic drugs.' Phannacological levels of hydrocortisone in-vitro effectively suppress both spontaneous and synovial-membrane-stimulated cartilage breakdown in this system. Each of these 2 components is inhibited independently and in direct proportion to its initial magnitude.8 In the present report we characterise the inhibitory response to hydrocortisone and the nature of the proteoglycan breakdown products released in culture. The principal hydrocortisone response is consistent with a limiting effect of the drug on the breakdown of proteoglycan core-protein, attributable to reduced lysosomal proteinase activity.
Materials and methods

CULTURES
Uniform discs (1 x 8 mm) of bovine nasal cartilage were prepared as described previously.6 A sufficient number was prepared in each experiment to provide at least 5 replicates for each group of cultures. Discs established as individual organ cultures were fed at 2-day intervals by complete change of culture medium (Dulbecco's modified Eagle's medium-high glucose, supplemented with 10%(v/v) fetal bovine serum, 100 units penicillin/ml, 100 ,ug streptomycin/ml, and 5,ug amphotericin-B/ml). In In some experiments synovial-membrane-conditioned media were prepared in the absence of cartilage. Minced portions of rheumatoid synovial membrane were incubated in complete medium (10 mlIg tissue) with or without hydrocortisone, in 75 cm2 tissue culture flasks (Falcon no. 3024) gently oscillating on a rotatory shaker in CO2: air, 1: 19.The initial overnight medium was discarded; subsequent 2-day medium changes were harvested for up to 8 days, sedimented at 800 g for 10 min, and held at -20°C for assay.The presence of synovial factor(s) that *induce cartilage degradation was assayed by comparing the proteoglycan released by live discs versus discs killed by repeated freezing-thawing. Assay discs were cultured for 8 days either in synovialmembrane-conditioned media diluted with serumfree fresh medium (1: 1) variation (SD/mean) of <20%. The dependence of proteoglycan release upon synovial dose is demonstrated in Fig. 1 . In this experiment multiples of a standard volume (0.5 ml) were applied to different groups of discs. Although strikingly dose-dependent at low levels, proteoglycan release reached a plateau at a synovial protein content equivalent to 200 Amol of amino acid per culture. To ensure that synovial dose would not be limiting, this quantity of protein was delivered in all subsequent experiments.
HYDROCORTISONE DOSE RESPONSE
Synovial protein recovered at the end of 8 days' culture (either alone or in the presence of cartilage) was noted frequently to be less than the amount originally applied. As illustrated in Fig. 2A , synovial protein content was depleted by 38 % when cultured in the absence of hydrocortisone. Preservation of protein improved at progessively higher hydrocortisone concentrations, so that at 10 ,tg hydrocortisone/ml the values at 8 days were indistinguishable from starting levels.
Cartilage breakdown in cocultures also varied as a function of hydrocortisone concentration and was reciprocally related to the change in synovial protein content. In the absence of hydrocortisone proteoglycan release was enhanced to 1-43-fold the basal level (Fig. 2B) ; this was significantly inhibited at pharmacological concentrations (>1 ,tg/ml) similar to those at which synovial protein loss was minimised or abolished ( Fig. 2A ). In the absence of synovial membrane spontaneous proteoglycan release was reduced only at 10 ,tg hydrocortisone/ml. Synovial membrane itself, despite the loss of its protein, contributed negligible proteoglycan throughout, whether hydrocortisone was present or not. PROTEOGLYCAN 
DISTRIBUTION
The inhibitory effect of hydrocortisone was usually detectable within 4 days. At the end of 8 days cumulative proteoglycan release into the medium of cartilage-synovial-membrane cocultures was reduced by an average of 50%, while control cartilages showed only a modest 15 % response.8 We have previously shown that the greater part of medium proteoglycan results from cartilage breakdown,6 and that its two components-i.e., spontaneous release and breakdown stimulated by synovial membrane-are individually responsive to corticosteroid inhibition.8 In the experiment illustrated in Fig. 3 the overall distribution of proteoglycan and its response to hydrocortisone after 8 days' culture are illustrated. In all cultures there was a significant increase in total proteoglycan content, indicating ongoing net synthesis. In the absence of hydrocortisone, synovial membrane inhibited proteoglycan synthesis (C+S-H versus C-H, p<002), sharply reducing its deposition in cartilage (p<0001) and stimulating its release into culture medium, where it comprised 58% of the total (C+S-H versus C-H, p<005). The addition of hydrocortisone to such cocultures (C+S+H) produced only minor additional inhibition of synthesis, but significantly reduced the fraction of proteoglycan 0 l-. 
lag, achieving a maximum within 4-6 days of synovial exposure. The release of 35S-radioactivity (Fig. 4B ) was maximal at early stages of culture, declining rapidly thereafter. Again no synovial effect was evident during the first 2 days of exposure, but the breakdown rate was sharply stimulated by day 4 and remained significantly elevated for the duration of the experiment. The accumulation of "S-labelled products thus generally paralleled the quantitive pattern of proteoglycan release and was significantly enhanced in cultures exposed to synovial membrane.
The suppressive effect of hydrocortisone on cartilage breakdown is illustrated by the experiment depicted in Fig. 5 . Breakdown was stimulated in 8-day cocultures (C+S-H), the fractional release of 35S-radioactivity being increased to 47%of the total (versus 28 % in C-H cultures, p<0 05). The inclusion of hydrocortisone in the culture medium abolished the response to synovium (C+S +H versus C +S -H, p<005), but produced only minor inhibition of spontaneous breakdown (C+H versus C-H,
0-05<p<0 1).
Qualitative changes in the 5S-products released into the breakdown pool were sought by gel filtration chromatography of each 2-day medium collection (Fig. 6) . In all cultures free and small-molecular Effect of hydrocortisone on the breakdown of prelabelled cartilage. 5SO42--prelabelled and chased cartilage discs were incubated for up to 8 days in the absence or the presence ofhydrocortisone (10 lug ml). The cumulative "5S-radioactivity released into culture medium is expressed as a fraction ofthe total radioactivity in medium plus disc for each culture. Total "5S-radioactivity recovered was the same as the initial content per disc (190 400 cpm SD 8200, n =25). C =Cartilage alone, C +S =cartilage plus synovial membrane. Values are means +SEM of 5 cultures. forms to 35SO42-comprised a large fraction of the total radioactivity. Intermediate-sized breakdown products were prominent in coculture media (C+S), where they constituted up to 58% of the total radioactivity ( Table 1 ). The addition of hydrocortisone, which quantitatively abolished the synovial response (Fig. 5) , reduced the contribution of partial degradation products to 31 % (Table 1) , tending to restore basal gel filtration profiles (Fig. 6, C+S+H) . Similarly, although there was only minor inhibition of overall breakdown in control cultures (Fig. 5, C+H) , the contribution of partial degradation products was sharply reduced by hydrocortisone treatment (Fig. 6 , C+H) to 15% of the total radioactivity (Table 1) .
In cartilage-synovial-membrane cocultures disc erosion is usually noted at the end of 8 days, and proteoglycan release may be increased above basal by as much as 3-to 4-fold.6 Changes of this magnitude were also observed when SCM were assayed We have previously shown that proteoglycan released into the culture medium -at least 70 % arising from matrix breakdown -serves as a useful index of cartilage degradation.6 In the present experiments proteoglycan release was measured under conditions in which neither the quantity of cartilage nor the amount of synovium was limiting; rather, both were present in excess. The occasional error in synovial delivery, even if it were to exceed the coefficient of variation of the method (i.e., 20%), still provides a synovial dose that is adequate to produce maximal proteoglycan breakdown (Fig. 1) . Moreover, Fig. 5 illustrates the relative abundance of cartilage substrate, for a large fraction of the radioactivity originally present in prelabelled discs generally still remains even after 8 days of coculture. The absence of additional proteoglycan release at doses of synovial protein >200 ,umol of amino acid (Fig.1) indi- cates a maximum degradative effort -either maximal chondrocyte responsiveness, maximal release of synovial factors, or both. Restrictions imposed by the geometry of the culture system, i.e., tissue contact or limitation of diffusion at high synovial dose, may interfere with tissue interactions, thereby limiting the degradative response, even though a component of breakdown is known to occur independently of such direct contact.4 5 7 Cartilage breakdown is inhibited by hydrocortisone in a dose-dependent fashion, with synovialmembrane-induced resorption seemingly more sensitive than spontaneous degradation (Fig. 2) . We have previously shown that these 2 components of breakdown can be dissociated, and that the sensitivity of autolysis to hydrocortisone inhibition is proportional to its basal rate. 8 Thus, if that rate is low, there may be little hydrocortisone response in control cultures despite a major reduction of synovialmembrane-induced breakdown in the parallel cocultures. Synovial membrane itself releases little proteoglycan irrespective of the presence of hydrocortisone. This confirms the observation6 that synovial membrane is not a significant source of the high-charge-density polyanions (i.e., sulphated glycosaminoglycans) measured by the alcian blue assay, 2 and that the latter method thus preferentially distinguishes products originating in cartilage.
From a consideration of the proteoglycan stoichiometry it is evident that synovial membrane inhibits net proteoglycan synthesis, as we6 and others"4 have reported, and that pharmacological doses of hydrocortisone produce little additional inhibition (Fig. 3) . Although the drug does inhibit synthesis in control cultures (Fig. 3, C+H) , its major effect is to suppress breakdown. At times this effect can be striking, both in the suppression of spontaneous and of synovial-membrane-induced breakdown (Figs. 3 and 6 ). Hydrocortisone not only reduces the total quantity of breakdown products shed into culture medium but also alters their molecular sizedistribution, so that a lesser fraction appears as partial degradation products (Fig. 6) . We have presented evidence that such intermediate-sized molecules differ largely on the basis of their protein-core lengths,"5 and therefore represent a spectrum of proteinase-digested proteoglycan fragments. A number of potential enzyme candidates, active at neutral or acid pH, have been described in synovial membrane and cartilage,'`-`one or more of which may be implicated in this process.
The loss of synovial protein through autolysis could be prevented by the inclusion of hydrocotisone at sufficiently high concentration in culture medium (Fig. 2) . This was paralleled by a reduction of cartilage proteoglycan release (Fig. 2) and of the contribution of proteolytic cleavage products (Fig. 6 ). Both are consistent with the known effect of hydrocortisone at pharmacological doses to stabilise cellular membranes, thereby inhibiting endocytosis and lysosomal enzyme discharge.23125 Although inhibition of proteoglycan breakdown thus accompanies a reduction in endogenous proteinase activity, hydrocortisone stabilisation of cellular and lysosomal membranes may represent only a part of the corticosteroid response.
In actively resorbing cultures the steroid effect is clearly demonstrable within 4 days.9 However, the data in Table 2 and Fig. 7 indicate that hydrocortisone may also inhibit the production of synovial factors which stimulate the chondrocyte-dependent breakdown of cartilage. These findings are in accord with similar experiments recently reported by Saklatvala,26 and suggest that the degradative response can be significantly blocked by steroid at a critical early phase of the interaction between synovial membrane and cartilage. Such blockade of 'induction' may be more immediately related to early transcriptional or protein-synthetic events,27 quite apart from any membrane stabilising effect of hydrocortisone. Moreover, we have demonstrated that inhibition of collagen breakdown in this system is exquisitely sensitive to hydrocortisone, even in the face of persisting proteoglycan breakdown.28 This dissociation is consistent with different rate-limiting steps or enzymatic control points for the 2 catabolic processes, perhaps mediated by different primary or amplifier cell populations. The latter possibility is supported by the implication of mononuclear cell factors in the elaboration of synovial collagenase29 30 and the known sensitivity of such cells to glucocorticoids. 
